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(57) Tetraaryldiamine derivatives of formula (1) are used in organic EL elements. 
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Ri» R3. and R4 represent aryl, alkyl, alkoxy, aryloxy, amino or halogen, at least one of to R4 is an 
aryi group, M, r2 f r3, and r4 are 0 or an integer of 1 to 5, the sum of r1 to r4 is at least 1, Rg and Rq 
represent alkyl, alkoxy, amino or halogen, r5 and r6 are 0 or an integer of 1 to 4. The inventive 
compounds have high m.p. and high Tg and can be evaporated to deposit transparent smooth thin films 
of quality which maintain a stable amorphous state above room temperature over a long term. Organic 
EL elements using the inventive compounds in an organic compound layer, typically a hole injecting 
and transporting layer thereof provide uniform plane light emission and maintain a high intensity of 
luminescence in a stable manner over a long term. Thus the elements are fully durable and reliable. 
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form of a tetraaryldiamine derivative. 
BACKGROUND_OFTHEJt^ 
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f ilm bv themselves when applied by vacuum u H tvn ; ca ilv phase transition. 

SI thin f Mm stability and liable to physical <%^XS&^ **- (JP-A) No. 277071 990 
Specific tetraaryldiamines are ftjjd lose ^ ^^Vphotographic photoconductor. The,r potential use 

'at re" mbined to create excitons. d Characterized by plane light emission at a 

cence) upon deactivation of e™™* ™^*™ ^ow voltage of about 1 0 volts and light emiss.on ,n a spec- 
nigh luminance of about 100 to 100.000 ^orescent material. 

e face non-uniform, which ^es^etenoration ^ ^L^Swmo.ecu.ar weight compound having a molecular 

dark spots are also formed. havina a low work function such as Mg. Li, 

3, S Option and stripping of ^«^^i^^e«on. these metals are reactive wUh 

Na and Al are used as the cathode ,n order stn ^ f rom th e organic compound layer, 

oxygen and moisture in air. As a ^^^^^eon^ound is applied by a wet process 
proving electric charge "if' 0 ^ 

such as spin coating, the res.dual so,ven ^ nd f C J ™* \ 0 „ eBte lo cal dark spots, 
oxidative reaction of the electrodes since electric current is conducted across an 

(3 ) Low .uminous efficiency and .ncreased heat burtd , up^ ^ rf ^ , d ^ 

One solution to these problems « an organic EL device P tertiary amine , „ d.sclosed 

including a hole injecting V^^J^SSSJSS Sre particularly the ELdevices prepared ,n Examples 
in VanSlykeetaLUSP 4.720.432 or JP^295695/1988.Mo^ P ^ ^ w ^ pnth alocya- 

T 10and 11 include a transparent anode of ind^rnhn ox.de C ?J 9 d - . oly|an ^ nop henyl)cydohexane ATA- 
nine PC-10 layer (35 nm or 37.5 nm). » Unsporting aluminum tnsoxine CW 

iTaver (35 nm or 37.5 nm). a light emrttmg a " d ^™^ e d "^ces were driven for 500 hours at a constant 
alT(60 nm), and a Mg-Ag cathode (200 nm). When hese fe ^ mW/cm2 at 
current dens y of 5 mA/cm>. the light output f^^^^^a^i!^^^^^ 
Se^enta9edecline37.5%). At a current densrtyo ^SSiTS a current density of 40 mA/cm>. the 

Hoht output declined from 1 .15mW/cm>atthe initial to <0.1 ™ and 13 are N , N , N -,N'-tetra-p-tolyl- 

The other hole transporting *^X*£S££ obipheny. (ATA-8) which are both depos- 

4,4'-diaminobiphenyl (ATA-7) and ^^'^ ' d ^ h ^jjj^" aj^-7 showed lower initial outputs at the same current 
ited to a thickness of 37.5 nm. As compa «^h A TA 6Q% respecljve|y . 
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ticularly when the elements are driven with a high current density for the purpose of producing light of a high 
output or luminance clearing the practically acceptable level, a drastic output drop occurs during nearly initial 
operation. 

For the purpose of improving such a drastic output drop, specific hole transporting aromatic tertiary amines 
5 are useful as disclosed in VanSlyke et at. USP 5,061 ,569 or JP-A 234681/1 993. More particularly, the aromatic 
tertiary amine is comprised of at least two tertiary amine moieties and includes attached to a tertiary amine 
nitrogen atom an aromatic moiety having at least two fused aromatic rings. Use of these specific hole trans- 
porting aromatic tertiary amines, however, leaves it still difficult to achieve stable light emission over a long 
time. The light-emitting elements have a lifetime yet below the practically acceptable level. 
10 This is because the hole transporting aromatic tertiary amines are less resistant against heat. By heat gen- 

eration due to the Joule heat of an element, an amorphous thin film can become unstable. An organic EL ele- 
ment using such a thin film has low luminous efficiency and a short light-emitting life and remains less durable 
and less reliable. 

The transparent electrodes used heretofore are of ITO-on-glass or the like because they must have a low 
15 surface resistivity of less than 10 to 30 Q/cm 2 . However, observation under a scanning tunnel microscope 
(STM) or atomic force microscope (AFM) indicates irregularities of the order of 20 nm on sputtered film-bearing 
substrates and of the order of 40 nm on EB evaporated film-bearing substrates. There is also surface rough- 
ening due to damage during ITO patterning. Therefore, the prevailing situation is likely to promote crystalliza- 
tion of an organic thin film. 

20 Solutions in this respect include provision of a metal-containing or metal-free phthalocyanine film on the 

ITO surface (see the above- referred USP 4,720,432 or JP-A 295695/1988) and spin coating of polyarylene 
vinylene. However, the phthalocyanine whether or not it contains a metal is microcrystalline and is not always 
effective. The polyarylene vinylene can damage ITO with an acid generated upon conversion and promote ox- 
idation of the electrodes by residual solvent or the like. A film of polyarylene vinylene is non-uniform because 

25 of spin coating. All these fail to improve element reliability. 

For the purpose of improving element performance, EL elements having a mix layer consisting of a mixture 
of two or more compounds having distinct functions were also proposed. For example, JP-A 250292/1 990 dis- 
closes that a thin film of layered structure or a mix thin film prepared from an organic compound having hole 
transporting and light emitting functions and another organic compound having an electron transporting f unc- 

30 tion is used as a light emitting layer for the purpose of improving luminance and durability. JP-A 29 1696/1 990 
discloses to use a thin film of a mixture of an organic compound having a hole transporting function and a 
fluorescent organic compound having an electron transporting function as a light emitting layer. JP-A 
114197/1991 discloses to interpose a mix layer of a mixture of an electric charge injecting material and an or- 
ganic fluorescent material between an electric charge injecting layer and a light emitting layer for the purpose 

35 of improving luminous efficiency and luminance. JP-A 190088/1991 discloses to interpose between a hole 
transporting layer and/or an electron transporting layer and an organic light emitting layer a mix layer contain- 
ing the components of the opposed layers for the purpose of facilitating injection of holes and electrons into 
the light emitting layer. JP-A 334894/1992 discloses that when a plurality of organic compound layers are 
formed, a layer in which compounds of distinct functions are co-present is formed, for example, a layer con- 

40 taining a hole transporting luminescent material and an electron transporting material is formed, thereby in- 
creasing luminance, providing a variety of emission color hues and improving durability. JP-A 182762/1993 
discloses to form a mix layer of a mixture of a luminescent material and an electric charge injecting material 
between a light emitting layer and an electric charge injecting layer, thereby lowering the drive voltage. JP-A 
289090/1991 discloses to form a thin film of a mixture of a hole conducting organic compound and an organic 

45 complex of a rare earth metal as a light emitting layer, achieving a narrow luminous spectrum, monochroma- 
ticity, and high conversion efficiency. JP-A 178487/1992 and 78655/1993 discloses high luminance full-color 
elements which are obtained by forming a thin film layer of a mixture of an organic charge material and an 
organic luminescent material as an organic luminescent thin film layer, thereby preventing concentration ex- 
tinction and increasing the available range of luminescent material. Moreover, JP-A 357694/1992 discloses to 

50 form layers of graded structure in which a concentration gradient is provided between adjacent layers by com- 
ponents of respective layers, thereby lowering the drive voltage and improving durability. 

Also organic compound layers doped with rubrene were proposed. Typical examples of known organic 
compound layers doped with rubrene are found in organic EL elements comprising a hole transporting layer 
in the form of a film of a mixture of hydrazine derivatives and a light emitting layer of tris(8- 

55 quinolinolato)aluminum as organic compound layers wherein the hole transporting layer is doped with rubrene 
or a half portion of the hole transporting layer disposed on the organic interface and the entire light emitting 
layer are doped with rubrene. It was reported that in the element having the hole transporting layer doped with 
rubrene, light emission takes place from both tris(8-quinolinolato)aluminum and rubrene and that in the element 

3 
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Ai, A 2 , A 3 , and A*, which may be identical or different, are phenyl groups attached to the corresponding 
15 benzene ring at the para- or meta-position with respect to the position of attachment to the nitrogen atom; R 7f 

R 8 , Rg, and R 10 are independently selected from the group consisting of an alkyl group, alkoxy group, aryl group, 

aryloxy group, amino group and halogen atom; r7, r8, r9, and r10 are independently 0 or an integer of 1 to 4; 

R 5 and R$ are independently selected from the group consisting of an alkyl group, alkoxy group, amino group, 

and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. 
20 In another preferred embodiment, the compound has the following formula (3). 
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Ar 



35 Ar is an aryl group attached to the corresponding benzene ring at the para- or meta-position with respect 

to the position of attachment to the nitrogen atom; Z u Z 2 , and Z 3 are independently selected from the group 
consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen atom, at least 
one of Zl Z 2 , and Z 3 is an aryl group attached to the corresponding benzene ring at the para- or meta-position 
with respect to the position of attachment to the nitrogen atom, with the proviso that all of Ar, Z lf Z 2 , and Z 3 

40 are not phenyl groups each attached to the corresponding benzene ring at the para- or meta-position with re- 
spect to the position of attachment to the nitrogen atom at the same time; s1 , s2, and s3 are independently 0 
or an integer of 1 to 5, the sum of s1 , s2 and s3 is an integer of at least 1 ; R 0 is selected from the grou p consisting 
of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen atom; rO is 0 or an integer 
of 1 to 4; R5 and R 6 are independently selected from the group consisting of an alkyl group, alkoxy group, amino 

45 group, and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. 

In a further preferred embodiment, the compound has the following formula (4). 
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(Rl4)r14 



\ ^(Rlo)r10 
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* * * - Rio - independently -««rSS2S« = 



(Rl4)rV 
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(Rll)r11 




r12 



o p R R Ru r5 r6. r7.rfU9.r10.r11.r12.r13. and r14 are as defined above. 
R 5 . Re. R 7 . R* R 9 . R io. Rl1 ^r 3 : i ,.2 M3 and r14 are equal to 0. 
More preferably. r5. r6. r7. r8 r9. ™ ^£ rt ^££ has the following formula (6): 
In a still further preferred embodiment, the compo 
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20 



F*5» Re. Rj> R e» R9. Rio. Rn» Ri2» Ri3» Ri4» r5, r6, r7, r8, r9, MO, r11, r12, r13, and M4 are as defined above. 
More preferably, r5, r6, r7, r8, r9, r10, r11, r12, r13, and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (7): 
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R 5 , Re. R 7t R 8 , R 9 , R 10 , R 11f R 12 , R 13 , R 14 , r5, r6, r7, r8. r9. r10, r11, r12. r13, and r14 are as defined above. 
More preferably, r5, r6, r7, r8, r9, r10, r11, r12, r13, and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (8). 
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(Ru)rU 



(Rl 3 )r13 



(8) 
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o r R R r5 r6 r7.rt.r9, rlO, r11.r12.r13. and r14 are as defined above. 
R 5 . Re. R 7 . R 8 . R 9 . r io. R J ( ' R ?' K M7 rial and r14 are equal to 0. 
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(Rs)*.^/^ 



(Rio)no 



(9) 



(R 7 )r7 




(Rl4)r14 



(Rn)rl1 



=^ (R 8 )r8 



(R 12 )r12 



d u r R r5 * r7.r8.r9. rlO. r11.r12.r13. and r14 are as defined above. 

R 5 . Re. R, Re. J-f»J^£5 'and r14 are equa. to 0. 
b preferably, r5, r6, r7, r8, r 
In a still further preferred ■ 



^ore ^eferaoiy, r5, * r7, A J | J2^ the following formula (10) 
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Ar t and Ar 2 which may be identical or different are aryl groups; R 15 and R 16 are independently selected 
15 from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen 
atom; r15 and r16 are independently 0 or an integer of 1 to 4; R 17 and R 18 are independently selected from the 
group consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r17 and r18 
are independently 0 or an integer of 1 to 5; R 5 and Re are independently selected from the group consisting 
of an alkyl group, alkoxy group, amino group, and halogen atom; and r5 and r6 are independently 0 or an integer 
20 of 1 to 4. More preferably, r5, r6, r15, r16, r17, and r18 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (11). 



25 

(11) 

30 




r18 



35 

Ar, and Ar 3 which may be identical or different are aryl groups; R 15 and R 20 are independently selected 
from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen 
atom; r15 and r20 are independently 0 or an integer of 1 to 4; R 18 and R 19 are independently selected from the 
group consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r18 and r19 
40 are independently 0 or an integer of 1 to 5; and R5, R 6? r5 and r6 are as defined above. More preferably, r5 f 
r6, r15, r18, r19, and r20 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (12). 



45 

(12) 

50 




55 

Ar u Ar 2 , and Ar 3 which may be identical or different are aryl groups; R 15 , R 16 , and R20 are independently 
selected from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and 
halogen atom; r15, r16, and r20 are independently 0 or an integer of 1 to 4; R 18 is selected from the group 
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and halogen atom; r1 8 is 0 or an integer 
r,r5, r6, r15, r16, r18 

the compound has the following formula (13). 



t0 ° In a still further preferred embodiment, 



(Rl8)r18 
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(13) 
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d onrt r are independently selected 
Ar and Ar 5 which may be identical or different are ary. groups; Ris and ^ 
from^hegC consisting of an alky, group. f^f^ZZ™ mdep'endent.y selected from the 
aZ r15 and r16 are independently 0 or an integer of 1 MJ. 4 R, 7 an « ^ M7 8 

consisting of an a.Ky. group. ^*™'ZT*™*« ™ » def ined ab ° V6 - ^ ' 
are independently 0 or an integer of 1 to 5. and Rs, Re. 

r6, r15, r16. r17. and r18 are equal to a ^ ^ M(]g formula (14) . 

In a still further preferred embod.meni. me co v 



(R 5 V (Re)r6 




(Rl B )rl8 



(14) 




45 



Ar and Ar 6 which may be identical or different are ary, groups; ^^J^o^P and halogen 
fromt^ 

atom; r15and r20 are independently 0 on » arnino ,9 group and ha.ogen atom; r 8 and r19 

- are as defined above - More p 

* ^^^"SS^ lhe — has the fo,,owin9 fomu,a (15) " 
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Ar 6 



(15) 




Ar 4 , Ar 5 , and Ar 6 which may be identical or different are aryf groups; R 15 , R 16 , and R 20 are independently 
selected from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and 
halogen atom; r15, r16, and r20 are independently 0 or an integer of 1 to 4; R 18 is selected from the group 
consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r1 8 is 0 or an integer 
of 1 to 5; and R 5 , Re, r5 and r6 are as defined above. More preferably, r5, r6, r15, r16, r18, and r20 are equal 
to 0. 

In another aspect the present invention provides an organic electroluminescent (EL) element or device 
comprising at least one layer containing at least one organic electro-luminescent element-forming compound 
as defined above. 

Preferably the organic EL element includes at least one mix layer containing a mixture of at least one or- 
ganic EL element-forming compound as defined above and at least one compound having an electron injecting 
and transporting function. Preferably, the compound having an electron injecting and transporting function is 
tris(8-quinolinolato)aluminum. Preferably, the mix layer is a light emitting layer. 

Preferably, the layer containing at least one organic EL element-forming compound is doped with a fluor- 
escent material, typically rubrene. 

Preferably, the layer containing at least one organic EL element-forming compound is a hole injecting and 
transporting layer and the element further includes a light emitting layer. The hole injecting and transporting 
layer preferably includes at least two layers having different compositions. Preferably at least one of the hole 
injecting and transporting layers contains a polythiophene. 

Also preferably, the organic EL element further includes an electron injecting and transporting layer. 

Further preferably, the layer containing at least one organic EL element-forming compound is a layer having 
a hole injecting and transporting function; a layer having a light emitting function or electron injecting and trans- 
porting function is disposed adjacent the layer; and the difference in ionization potential Ip between the layer 
having a hole injecting and transporting function and the layer having a light emitting function or electron in- 
jecting and transporting function is at least 0.25 eV. 

BENEFITS OF THE INVENTION 

The compounds for use in organic EL elements according to the invention are tetraaryldiamine derivatives 
of formula (1) having a high melting point and a high glass transition temperature (Tg). Thin films formed from 
these compounds as by evaporation are of quality in that they are transparent, keep a stable amorphous state 
at room temperature or higher, and maintain a smooth surface film of quality over an extended period of time. 
Therefore, the compounds can be formed into thin films by themselves without a need for binder resins. 

These advantages are derived from the following facts. 1) The compound is increased in molecular weight 
so as to have a higher melting point. 2) A bulky substituent providing steric hindrance such as a phenyl group 
is introduced to optimize intermolecular overlap. 3) The numberof conformations that the molecule can assume 
is increased to restrain rearrangement of the molecule. 

Further due to inclusion of many hole injecting and transporting units such as N-phenyl groups and intro- 
duction of phenyl groups in R 1 to R4 to form biphenyl groups, there is available an expanded ^-conjugated sys- 
tem which is advantageous for carrier transportation. This results in a significantly improved hole injecting and 
transporting capability. 

Since the organic EL element of the invention uses a tetraaryldiamine derivative of formula (1) as an or- 
ganic EL element-forming compound in an organic compound layer, typically a hole injecting and transporting 
layer, the element ensures uniform plane light emission and maintains high luminance over a long period of 
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DETAILED DESCRIPTION OF THE INVENTION 

The compound for use in an organic EL element according to the invention, which is often referred to as 
"inventive compound" throughout the specification, is a tetraaryldiamine derivative of formula (1). 

5 
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In formula (1 ), R, , R 2 , R 3 , and R4 independently represent an aryl group, alkyl group, alkoxy group, aryloxy 
group, amino group or halogen atom. They may be identical or different. At least one of R lf R 2 , R 3 , and R4 groups 

20 is an aryl group. Letters r1, r2, r3, and r4 are independently 0 or an integer of 1 to 5. All of r1, r2, r3, and r4 
are not equal to 0 at the same time. Therefore, the sum of r1 + r2 + r3 + r4 is an Integer of 1 or more which 
satisfies the requirement that at least one aryl group is present. R 5 and independently represent an alkyl 
group, alkoxy group, amino group or halogen atom. They may be identical or different. Letters r5 and r6 are 
independently 0 or an integer of 1 to 4. 

25 The aryl group represented by R^ to R4 may be either monocyclic or polycyclic and inclusive of a fused 

ring and gathered rings. The aryl group preferably has 6 to 20 carbon atoms in total and may have a substituent. 
Exemplary substituents are alkyl, alkoxy, aryl, aryloxy, amino groups, and halogen atoms. Illustrative exam- 
ples of the aryl group represented by Rj to R4 include phenyl, o-, m- and p-tolyl, pyrenyl, naphthyl, anthryl, 
biphenyl, phenylanthryl, and tolylanthryl groups, with the phenyl group being preferred. The aryl group, espe- 

30 cially phenyl group is preferably attached to the 3- or 4-position (meta- or para- position) of the benzene ring 
with respect to the position of attachment to the nitrogen atom. 

The alkyl group represented by R, to R4 may be either normal or branched. The alkyl group preferably has 
1 to 10 carbon atoms and may have a substituent. Exemplary substituents are the same as described above 
in conjunction with the aryl group. Illustrative examples of the alkyl group represented by R, to R4 include me- 

35 thyl, ethyl, n- and i-propyl, and n-, i-, s- and t-butyl groups. 

The alkoxy group represented by R^ to R4 is preferably one in which the alkyl moiety has 1 to 6 carbon 
atoms. It may have a substituenL Illustrative examples of the alkoxy group represented by R, to R4 include 
methoxy, ethoxy, and t-butoxy groups. 

Examples of the aryloxy group represented by R 1 to R4 include phenoxy, 4-methylphenoxy, and 4-(t-bu- 

40 tyl) phenoxy groups. 

The amino group represented by R, to R4 may be either substituted or unsubstituted, preferably substi- 
tuted. Exemplary are dimethytamino, diethylamino, diphenylamino, bis(biphenyl)amino, N-phenyl-N-tolylami- 
no. N-phenyl-N-biphenylamino, bis(naphthylamino), bis(anthryl)amino, and bis(pyrenyl)amino groups. 
Exemplary of the halogen atom represented by R, to R4 are chlorine and bromine atoms. 

45 At least one of R, to R4 is an aryl group. Preferably two to four aryl groups are present in a molecule as 

R, to R4, and two to four of r1 to r4 are preferably integers of at least 1 . Further preferably, two to four aryl 
groups in total are present in a molecule, more preferably two to four of r1 to r4 are equal to 1 , especially r1 to 
r4 being equal to 1. Most preferably all of R, to R4 included are aryl groups. More particularly, on the four ben- 
zene rings which may have R t to R4 substituents in a molecule, there may be present two to four aryl groups 

so in total. The benzene ring to which two to four aryl groups are attached may be identical or different among 
the four benzene rings although it is preferred that two to four aryl groups are individually attached to different 
benzene rings. It is more preferred that at least two aryl groups are attached to the corresponding benzene 
rings at their para- or meta-position with respect to the position of attachment to the nitrogen atom. It is pre- 
ferred that among the aryl groups, at least one is a phenyl group, that is, an aryl group and the benzene ring, 

55 taken together, form a 4- or 3-biphenylyl group with respect to the nitrogen atom. Especially, two to four 4- or 
3-biphenylyl groups are included. In this case, either one or both of 4- and 3-biphenylyl groups may be present. 
Preferred aryl groups other than phenyl include 1- or 2-naphthyl, 1-, 2- or 9-anthryl, pyrenyl, perylenyl and 
coronenyl groups. Also preferably, aryl groups other than phenyl are attached to the corresponding benzene 
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» » a and A. which may be identical or different, are 
Formula (2) is first described. In formula ^ or mel a-position (4- or 3-position) 

phenyl groups attached to the These phenyl groups may be substituted or 

described for R, to R< of formula (1). Preferably r7 to rlO are equal to 0. 

Letters r7 to r10 are independently 0 or an .in . preferred. . , 

R, Re, rS and r6 are as define^ ? epre L ted by 9 e ach of R 7 to R 10 may be identical or 
Where r7 to r10 are integers of at least /.me giu v 

different. , Io .o. A r is an arvl group attached to the corresponding benzene 

Next formula (3) is described. ^^^^J^SJLmNi to the nitrogen atom. Exemplary 
ring at its para- or meta-position with aspect to the , posflan ^ ary| group mgy be sub _ 
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in formula (1). At least one of 2 1t Z 2 , and Z 3 is an aryl group attached to the corresponding benzene ring at the 
para- or meta-position with respect to the position of attachment to the nitrogen atom. It is to be noted that all 
of Ar, Z 1f Z 2 , and Z 3 are not phenyl groups each attached to the corresponding benzene ring at the para- or 
meta-position with respect to the position of attachment to the nitrogen atom at the same time. It is preferred 
that two to three of the four benzene rings each have an aryl group at the para-or meta-position. It is thus pre- 
ferred that one or two of Z, to Z 3 groups are such aryl groups. Preferred aryl groups include 1- and 2-naphthyl, 
1-, 2- and 9-anthryl, pyrenyl, perylenyl and coronenyl groups, with phenyl being most preferred. The aryl groups 
represented by Z, to Z 3 may be substituted or unsubstituted, with the preferred substituents being the same 
as described for the aryl group represented by R, to R4. An amino group is a preferred substituent. Exemplary 
amino groups are those amino groups described in conjunction with to R4. 

Letters s1, s2, and s3 are independently 0 or an integer of 1 to 5. They are not equal to 0 at the same 
time, that is, the sum of s1, s2 and s3 is an integer of at least 1. Preferably s1 to s3 are respectively 0 or 1, 
more preferably one or two of s1 to s3 are equal to 1 and the remainings are 0. Z, to Z 3 included when s1 to 
s3 are equal to 1 are preferably aryl groups, especially phenyl groups attached to the corresponding benzene 
rings at their para- or meta-position with respect to the position of attachment to the nitrogen atom. Where s1 
to s3 in formula (3) are integers of at least 2, the respective Z, to Z 3 groups may be identical or different. 

In formula (3), R 0 and rO are as defined for R 7 and r7 in formula (2), respectively. R5, F^, r5 and r6 are as 
defined in formula (2), with their preferred examples and ranges being also the same. 

Most preferred among the compound of formula (2) are compounds of formulae (4) to (9). 
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The inventive compounds can be synthesized by exactly or approximately the same method as described 
in Jean Piccard, Herr. Chim. Acta., 7, 789 (1924) and Jean Piccard, J. Am. Chem. Soc., 48, 2878 (1926). More 
particularly, they can be prepared by effecting Ullman reaction, that is, by heating a combination of a di(bi- 
phenyl)amine compound and a diiodobiphenyf compound, a combination of a N,N'-diphenyl-benzidine com- 
pound and iodobiphenyl compound or a similar combination in the presence of copper. These compounds can 
be identified by elemental analysis, infrared absorption spectroscopy (IR), nuclear magnetic resonance spec- 
troscopy (proton NMR), etc. 

In general, the inventive compounds have a molecular weight of about 640 to about 2,000, a high melting 
point of about 190 to about 300°C, and a high glass transition temperature (Tg) of about 80 to about 200°C. 
By conventional vacuum deposition or the li ke, they form a transparent, smooth film of quality which maintains 
a stable amorphous state even above room temperature and over a long period of time. Some of the inventive 
compounds do not have a melting point and remain amorphous at elevated temperatures. Without a need for 
binder resin, the inventive compounds can be formed into a thin film by themselves. 

The inventive compounds may be used alone or in admixture of two or more. 
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bining holes and electrons to create exatons A^atweiy «^ » facilitating injection of holes 

in the light emitting layer. The hole mject.ng and JJJ^JjJJJSS The electron injecting and trans- 
f rom the anode, transporting them, and ^^J^^^^^, transporting them, and ob- 
porting layer has functions of fjrt*£0 S^EES the number of holes and electrons 

structing hole transportation. These two layers are mm tner a ein for optimizing the recombination 

injected into the light ^^^J^^^^^SS^ injecting and transporting layers 
region to improve light em.ss.on ^"^JJ^JJ^i respective functions of the compound used 
are optionally provided by takmg into nole injection and transportation. For 

in the light emitting layer for ^^^^^^Lc^ ho.e or electron injecting and trans- 
example, if the compound used in the light emitting ' ave ™ d because the light emitting 

layer having a transporting function. iriiootinn and transDortinq layer, and electron injecting and 

5 to 1 .000 nm thick, especially about 10 tc .200 nm- and sporting layer 

The thicknesses ^^^^^SSSZ light emitting layer although they depend on 
are equal to or range from 1/10 to iu times me e . e ctron or hole injecting and transporting layer 

the design of a recombination/.ight em.. *»■ "^""J ' ^7 Ejection layer is at least 1 nm thick 
is divided into - '"^^ js ^ ^ nm for the inje ;i 

r a ;ir^ - L thi ^ ess ranges a,so app,y when two (fi 

and second) injecting and transporting layers avai|ab , e b controlling the film thick- 

A freedom of design of the recomb.na T^JJJ^ dep endent on ionization potentia. 
nesses in consideration of the earner mob -ty ^^^^^itansporting layer, and electron injecting 
and electron affinity) of the light = .ng £Ct,n ^1 ^ control of the luminance 

a^p-^ 

light emission. omittinn laver or a hole injecting and transporting 

« b, evaporation, a satisfaotor, •'™«*»»™ m " J^SUSfcSLl oojanlo EL atom**., fw exarola. the cganic 
Any of ^ K ^ n " C riS^^ ^nSaoO 000792/1991 n»y ba ooncomUao.by uaad In 

with the inventive compound. comprising a hole injecting layer and a hole 

Where the hole inject.ng ^^^^SSl combinatton from the compounds corn- 

transporting layer, two or mor e compounds e se m* sd m a P P ^ such ^ 

monly used in ho.e injecting ^^2T^lT^^e6 adjacent to the anode (ITO etc.). 
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of local dark spots. Since evaporation is utilizable in manufacturing elements, thin films of about 1 to 10 nm 
thick can be formed uniform and pinhole-f ree. This restrains any change in color tone of light emission and a 
drop of efficiency by re-absorption even if a compound having a low ionization potential and absorption in the 
visible range is used in the hole injecting and transporting layer. 

5 Polythiophene is a preferred organic compound to be combined with the hole injecting and transporting 

layer containing the inventive compound as a major component. From the standpoint of ionization potential, it 
is recommended to deposit by evaporation polythiophene on an anode as a hole injecting layer or a first hole 
injecting and transporting layer of good thin film quality and then deposit the inventive compound thereon as 
a hole transporting layer or a second hole injecting and transporting layer. 

10 The polythiophenes which can be used in the invention include a polymer A having a structural unit of for- 

mula (28), a copolymer B having structural units of formulae (28) and (29), and a polymer C having a structural 
unit of formula (30). 
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aliphatic hydrocarbon group wh.le R 3 , ,and ^^^^^^^xa^b^S^^X^. 

Exemplary substituents, .f any, are alkyl, a koxy ammo y a nydr0 carbon groups 

gmups include phenyl, tolyl.methox^^ 

Represented by R 31 and R 32 include a.k£ methyl, ethyl, i-propy. and t-butyi groups. 
;ra™ S d e CS Sln™^ bydrocarbon groups, - hydrogen -t P re- 

^ynwA,^ 

1 00. preferably 5 to 40. more preferably 5 to 20 ™ymer A* y fecurri units of formula (28) havng 

recurring units of formula (28) or oLndom. alternate and block copolymers, 

different combinations of R 31 and R M . The ^P^oTmolecular weight of about 300 to about 10.000. 

" "Srne ZSt of polymer A is shown befow b» pfehinf, up the eor-UneUo. of R., 

and R 32 in formula (28) or (31). 

Table 13: Polymer A 





Polymer 


R31 


R32 






A-1 


H 


H 


homopolymer 


40 


A-2 


H 


Ph 


homopolymer 




A-3 


Ph 


H 


homopolymer 




A-4 


Ph 


Ph 


homopolymer 


45 


A-5 


H 


CH 3 


homopolymer 




A-6 


H 


t-C 4 H 9 


homopolymer 



50 



Next cporynre, B is desoHhed. 0»*»« ■ ■ - «— "~ * « 

exam^e, copolymer B is represented by the following formula (32)- 
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10 - - 

Formula (28) is as defined above. Then in formula (32), R 31 and R 32 are as defined above for formula (28). 

In formulae (29) and (32), each of R33 and R34 is a hydrogen atom, an aromatic hydrocarbon group or an 
aliphatic hydrocarbon group while R33 and R34 may be identical or different. Examples of the aromatic and ali- 
phatic hydrocarbon groups represented by R33 and R34 are the same as enumerated for R 31 and R 32 , with their 
15 preferred examples being also the same. Further R 33 and R^ taken together may form a ring which is fused 
to the thiophene ring. A benzene ring is a typical fused ring. 

Like polymer A, copolymer B in the layer has an average degree of polymerization, represented by v + w 
in formula (32), of 4 to 100, preferably 5 to 40, more preferably 5 to 20. The molar ratio of the structural unit 
of formula (28) to the structural unit of formula (29) may range from about 10/1 to about 1/10. Copolymer B in 
20 the layer preferably has a weight average molecular weight of about 300 to about 10,000. 

Copolymer B is terminated with terminal groups, represented by X, and X 2 in formula (32), which are hy- 
drogen atoms or halogen atoms as in polymer A. The terminal groups generally depend on the starting materials 
from which copolymer B is synthesized. 

Preferably copolymer B consists of structural units of formulae (28) and (29) although it may contain less 
25 than 1 0 mol% of another monomeric component. Copolymer B may be any of random, alternate and block co- 
polymers, which are all encompassed by the structural formula (32). The structural units of each of formulae 
(28) and (29) may be identical or different. 

Some illustrative, preferred examples of copolymer B is shown below by picking up the combination of R 31 , 
R32* R33 and R34 in formula (32). 

30 



Table 14: Copolymer B 
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Copolymer 


R31 


R32 


R33 


R34 


B-1 


H 


H 


H 


H 


B-2 


H 


CH 3 


H 


H 


B-3 


H 


Ph 


H 


H 


B-4 


H 


Ph 


Ph 


Ph 



Next thiophene polymer C is described. Polymer C is represented by formula (30) wherein R33 and R34 are 
as defined for formula (29), with their preferred examples being also the same. 

X, and X 2 represent terminal groups and may be either identical or different. Like the terminal groups of 
^ polymer A and copolymer B, the terminal groups represented by X t and X 2 are hydrogen atoms or halogen 
atoms such as chlorine, bromine and iodine. The terminal groups X, and X 2 generally depend on the starting 
material from which polymer C is synthesized. 

Like polymer A and copolymer B, polymer C in the layer has an average degree of polymerization, repre- 
sented by n in formula (30), of 4 to 100, preferably 5 to 40, more preferably 5 to 20. Polymer C may be either 
^ a homopolymer consisting of recurring units having an identical combination of and R^ or a copolymer 
consisting essentially of recurring units having different combinations of R33 and R34. The copolymer may be 
any of random, alternate and block copolymers. Polymer C in the layer preferably has a weight average mo- 
lecular weight of about 300 to about 10,000. 

Preferably polymer C is of the structure shown by formula (30) although it may contain less than 10 mol% 
55 of another monomeric component like polymer A and copolymer B. 

Some illustrative, preferred examples of polymer C is shown below by picking up the combination of R33 
and in formula (30). 
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Table 15: Polymer C 
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Copolymer 


R33 


R34 




C-1 
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H 


homopolymer 


C-2 


H 


Ph 


homopolymer 


C-3 


Ph 


Ph 


homopolymer 


C-4 
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4-methoxyphenyl 


homopolymer 


C-5 


CH 3 


CH 3 


homopolymer 


C-6 
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|CH 3 


homopolymer 
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,„ the practice of the invention, use of a po.ythiophene in the form of poiymer C is most preferred. Po.y- 
thiophenes may be used alone or in admixture of two or «JJ£ and some have no meIting point 

The polythiophenes used here.n have a melting point of „ mlciocrystalllne thin films of quality. 
They can be evaporated and deposited y a ™"^^ in the hole injecting and 

,n the above-mentioned embodiment "^^^^^m^ ma terial which is a compound 
transporting layer, the light be selected from compounds as 

having a light emitting function. The fluorescent or ' um ' nes . . , or in admixture, 

dfcdoied in JP-A 264692/1988. < o ;«^^^ tetraphenylbuta- 
Other useful examples include metal ro ^ d ^ n ^ B y evaporating the organic flu- 

such as tristS-quindinolatOaluminum, ox f**°'^^^ derivatives, and nitro-sub- 

imidine derivatives, quinoline ^"vabves oumoxal r£^Mm> injecting and transporting layer also 
stituted fluorene derivatives. In an r^^^^^S^ preferred Like the ho.e injecting and 

^rheretheelectroninjectingandtranspo^ 

an electron transporting layer, two or more ^^"^"^ re g a rd. it is preferred to laminate 

pounds commonly used in electron ^^J^^^aZ ^disposed adjacent to the cath- 

^rganiccompoundiayermayfunhercon^ 
° f ^e e ^e=^ 

doped with rubrene. Doping may be earned ™*^!^;° J lhat ^rene be present in a carrier recom- 
the hole injecting and transporting ^^^^^^l^e, the interface of an organic com- 
bination region, a light emitting reg.on and the J^^jT^ 1 ^" dopin ' g need not necessarily be carried 
pound layer in contact with a ho.e mjecting '^T^gS^Z^^ be limited to a half area of the 
out throughout the hole injecting and transporting layer ^7^™^^^, | ( ^ tenmay also serve 
ho.einjec.ingandtransporting.ayerwh,^ 

as an electron injecting and transporting layer) or the elect, ron j g ^ 
injecting and transporting layer also serves " -^^T^dStaO "U be carried out throughout the 
th roughoutthe hole injecting and = 

hole injecting and transporting layer or a half area ct uw ■ j » d h , f region of the light 

«, ,o ,h. »,« ^n, < T - £ ■~Z£X2. S23 XZ » « I*c*. and 
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injecting and transporting layer. 

The doping concentration of rubrene is preferably about 0.1 to 50% by weight, more preferably about 0.1 
to 30% by weight, most preferably about 0.1 to 20% by weight of the entire layer to be doped because higher 
concentrations of rubrene can cause concentration quenching. 

Besides rubrene, it is also contemplated to dope with other fluorescent or luminescent materials. 

In one preferred embodiment of the invention, interposed between a layer containing the inventive com- 
pound and a layer containing a compound having another function is a mix layer containing a mixture of both 
the compounds, especially as a light emitting layer. For enhancing luminous intensity, the mix layer may be 
doped with a compound having a light emitting function (or fluorescent or luminescent material). 

Since the inventive compound has a hole injecting and transporting function, it is especially preferred to 
provide a mix layer containing a mixture of the inventive compound and a compound having an electron in- 
jecting and transporting function (inclusive of a compound further having a light emitting function) as a light 
emitting layer. The compound having an electron injecting and transporting function used in this mixture may 
be selected from the previously mentioned compounds for electron injection and transportation. Specifically 
use of tris(8-quinolinolato)aluminum is preferred. 

In the mix layer, the compounds having a hole or electron injecting and transporting function may be used 
alone or in admixture of two or more. The compound having a hole injecting and transporting function used 
in this mixture may be selected from the previously mentioned compounds for hole injecting and transporting 
as well as the inventive compounds. 

In one especially preferred structure, a hole injecting and transporting layer containing the inventive com- 
pound is disposed on a hole injecting and transporting layer containing polythiophene, and a mix layer con- 
taining a mixture of the inventive compound and a compound having an electron injecting and transporting 
function is interleaved between the hole and electron injecting and transporting layers as a light emitting layer. 

With respect to the mix ratio, which depends on carrier mobility, it is preferred that the inventive compound 
occupies about 30 to 70%, more preferably about 40 to 60%, especially about 50% by weight of the mix layer. 
Differently stated, the weight ratio of the inventive compound to the compound having an electron injecting 
and transporting function preferably ranges from about 30/70 to 70/30, more preferably from about 40/60 to 
60/40, especially about 50/50. 

The thickness of the mix layer preferably ranges from the thickness corresponding to a single molecule 
layer to less than the thickness of an organic compound layer. More particularly the mix layer has a thickness 
of from about 1 to about 85 nm, more preferably about 5 to 60 nm, most preferably about 5 to 50 nm. 

Preferably the mix layer is formed by co-deposition, that is, by simultaneously evaporating the compounds 
from distinct sources. If both the compounds have equal or close vapor pressure or evaporation temperature, 
they may be pre-mixed in a common evaporation boat, from which they are evaporated together. In the mix 
layer, preferably both the compounds are uniformly mixed although the compounds can be present in island 
form. 

It is to be noted that the mix layer may also be used as an organic compound layer other than the light 
emitting layer. However, it is preferred that the mix layer form part of organic compound layers included in the 
element If all the organic compound layers are mix layers, the element sometimes fails to provide uniform 
light emission at high luminance. 

In the preferred embodiment, the inventive compound is used in the hole injecting and transporting layer 
as mentioned above. The difference in ionization potential Ip between the hole injecting and transporting layer 
and a light emitting layer disposed adjacent thereto (which may also serve as an electron injecting and trans- 
porting layer) should preferably be at least 0.25 eV, especially 0.25 to 0.40 eV. It is understood that where a 
layer containing the inventive compound is a layer having a hole injecting and transporting function and also 
serving as a light emitting layer, the layer disposed adjacent thereto is an electron injecting and transporting 
layer, and accordingly the difference in ionization potential Ip in this case is that between the layer containing 
the inventive compound and the electron injecting and transporting layer. Note that the inventive compounds 
have an ionization potential Ip of about 5.0 to 5.4 eV in absolute value. 

It is to be noted that the ionization potential Ip is determined by evaporating a compound onto a glass sub- 
strate having an ITO transparent electrode or slide glass to form a compound mono-layer film of about 10 to 
200 nm thick and measuring the ionization potential of the sample film by means of a low energy electron 
spectrometer Surface Analyzer Model AC-1 manufactured by Riken Keiki Co., Ltd. according to Shirahashi, 
Isobe & Uda, Electronic Parts and Materials, 123 (1985). 

FIG. 2 shows the construction of the low energy electron spectrometer system. The spectrometer generally 
designated at 1 0 includes a ultraviolet lamp 1 1 , a monochrometer 12, a detector 1 3, a low energy electron coun- 
ter 14, a controller 15, a computing/display unit 16, and an X-Y stage 17. On measurement, a sample S rests 
on the X-Y stage 17. 
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TheUVIampllintheformofad^^^^^ 

12 through which a light beam having a ^^^^^JEw-MId 3 .4 eV as converted 
thesampleS.Tne.ightbeamhav^ 

according to the equation: E = hv - h«A) "^ n J^f energy , ev el to a higher excitation energy 

5 X is a wavelength. When the light is swept ^J^ZSSSZKUy ••«-■ ™» ene ^ level is ^ 
level, electron emission due to the photoelectnc effect starts at a «rt^^» and counted by 

erally known as a photoelectric induding 
the detector 1 3 and the .ow •W^^^^JJJJ. dead and then disp ,ayed on the display 
a background correct.on and a correction fora court Jossou g characteristic) as shown 

,o unit 16 for indicating an electron emission as a funct o ' ^^^JJ; hotoelectron yie | d (count per 
in FIG. 3. As seen from the basic ' ha ™j^^ of photoe.ectron yield (cp.)» is 

second, cps) and the excitafon energy ^ " '^J^^i,. of „ js generally 1/2. The controller 15 

^^^^^^^^ * - S - Ie °" ^ X " Ste9e 

Where a .ayer containing the ^'^^^^^^ single .ayerfi.m of the 

tentia. Ip of this layer is regarded equal to the , nrozatnf ' ""^^T ^ naving a content of more than 
inventive compound if the inventive compoun ['^^^^^^ ,ayer contains two or 
50% by weight). Where a layer to ^^^^^^S^ the ionJion potential Ip meas- 

m ^!^^***>» vaiue of ionization potential Ip of a sing.e .ayer f i.m of the inventive conv 
for example. Li. Na. Mg. Al. Ag. In and alloys M - to 1,000 nm thick, 

radiation. For example, the anode is preteraoiy ma element be more 

stacking order may be reversed from that shown in FIG. 1 inv entive compound. The cathode 

koMM a howeoos «* fllm which . "^^^^^"^^^"^ 

&?^SX^ZXXtt~ZZ2 , - ch^ 

ers, thus ensuring high quality and a lower drive voltage. evaporation, where it is desired 

,n the embodiment wherein the respecfve layers ^^^^S^S^ therein are indi- 
for a single layer to contain two or more compound boats hav ng a pre _ mix of two 

vidually temperature ? n trolled ^ 
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matrix material such as a polymer. 

The organic EL element of the invention is generally of the DC drive type while it can be of the AC or pulse 
drive type. The applied voltage is generally about 2 to 20 volts. 

It is understood that the inventive compounds are also applicable as organic semiconductor materials hav- 
5 ing donor property to photo-electric transducer elements other than the organic EL element, for example, pho- 
to-cells and photosensors. They are also useful as thermochromic materials utilizing transition between amor- 
phous and crystalline states. 

EXAMPLE 

10 . 

Examples of the present invention are given below by way of illustration and not by way of limitation. Herein 
"mp" is a melting point and Tg" is a glass transition temperature. 

Example 1 

15 

Synthesis of N,N,N\N'-tetra(3-biphenylyl)benzidine, compound No. 1-1 

A2-I atmospheric hydrogenation reactor was charged with 250 g (1.26 mol) of m-nitrobiphenyl, 12.5 g of 
5% Pd-CI, and 1250 ml of ethanol. A theoretical amount of hydrogen gas was absorbed at room temperature. 
The catalyst was removed by filtration and the filtrate was distilled of the solvent, obtaining 212 g of m-ami- 

20 nobiphenyi (yield 99.9%). Another batch of reaction was effected on the same scale except that 254 g (1.28 
mol) of m-nitrobiphenyl was used, obtaining 215 g of m-aminobiphenyl (yield 99.7%). 

A 10-1 reactor was charged with 775 ml of cone, hydrochloric acid, 775 ml of water, and 775 g of ice, and 
125 g (0.740 mol) of m-aminobiphenyl was suspended therein. To the reactor maintained below 0°C, 750 ml 
of an aqueous solution of 56.3 g (0.816 mol) sodium nitrite was added dropwise over 30 minutes and stirring 

25 was continued for a further 50 minutes at the temperature. To the resulting diazonium salt aqueous solution 
maintained below 0°C, 1250 ml of an aqueous solution of 185 g (1.12 mol) potassium iodide was added drop- 
wise over one hour. After addition, stirring was continued for one hour at the temperature and then for 2 hours 
at room temperature. 

The reaction solution was extracted with ethyl acetate. The organic layer was washed with water, dried 
30 over magnesium sulfate, and distilled of the solvent, obtaining a crude crystal. Another batch of reaction was 
effected on the same scale. The resulting crude crystals were combined together and purified through a silica 
gel column with n-hexane, obtaining 297 g of m-iodobiphenyl (yield 71.7% for the two batches combined). 

A2-I reactor was charged with 140 g (0.828 mol) of m-aminobiphenyl, 232 g (0.829 mol) of m-iodobiphenyl, 
63.1 g (0.457 mol) of potassium carbonate, 13.9 g of copper powder, and 800 ml of nitrobenzene. In an argon 
35 stream, the contents were heated under reflux for 32 hours. At the end of reaction, the insoluble was removed 
by filtration and the filtrate was distilled of the solvent. The still residue was purified through a silica gel column 
with a 4/1 mixture of n-hexane and toluene, obtaining 44.5 g of di(3-biphenyi)amine of high purity (yield 16.7%). 

A 500-ml reactor was charged with 44.5 g (0.139 mol) of di(3-biphenyl)amine, 27.6 g (0.0680 mol) of 4,4'- 
diiodobiphenyl, 34.3 g (0.249 mol) of potassium carbonate, 2.3 g of copper powder, and 180 ml of nitrobenzene. 
40 in an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble 
was removed by filtration and the filtrate was distilled of the solvent. The still residue was purified through a 
silica gel column with a 3/1 mixture of n-hexane and toluene, obtaining 30 g of N,N,N\N'-tetra(3-biphenylyl)ben- 
zidine of primary purity grade (yield 55.7%). It was further purified by recrystallization from toluene, obtaining 
6.0 g of a 99.58% pure fraction and 5.0 g of a 99.23% pure fraction (combined yield 20.4%). Further purification 
45 by sublimation yielded 8.0 g of a 99.99% pure product, 
mass analysis: m/e 792 (M + ) 
IR absorption spectrum: FIG. 4 
NMR spectrum: FIG. 5 

Differential scanning calorimetry (DSC): mp 207.4°C 
50 Tg 95.8°C 

Example 2 

Synthesis of N,N,N , ,N , -tetra(4-biphenylyi)benzidine i compound No. 11-1 
55 a reactor was charged with 72.5 g (0.429 mol) of 4-aminobiphenyl, 120 g (0.429 mol) of 4-iodobiphenyl, 

32.6 g (0.236 mol) of potassium carbonate, 6.8 g (0.1 07 mol) of copper, and 430 ml of nitrobenzene. Reaction 
was effected overnight at 210°C. At the end of reaction, the reaction solution was allowed to cool down, the 
copper salts were removed by vacuum filtration, and the filtrate was washed with chloroform and vacuum dis- 
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10 



15 



tilled of thes*ven,T 0 ™^ 

recovered by 1 juration The thus > recovered ^^^^JSSS^n. ^product to precipKate. which 
with 10 9 00 m. of water for allowing crysta.s to precipitate. 

tals. The combined J^X| 1 J J JE^^ di(4-biphenyl)amine, 9.5 g (0.0234 mo.) of 4.4'-diiodobi- 
A reactor was charged with 1 5 g (0.u4br mo J o l v y > d 76 ml of nitro benzene. 

pheny.. 9.7 g ^^«EZ££*^™ of reX"2o m. of DMF was added to the reaction 
Reaction was effected for two days at 220 C. At the ena or raw* . dQwn anrf 

solution, from which the copper salts were removed ^JJ^^^^S^ g> were recrysta.lized 
the predpitatingcrystate were recovered byf^ra^ 

S^rpa^ * — yiewed a "" % 



pure product 

mass analysis: m/e 792 (M + ) 
|R absorption spectrum: FIG. 6 
NMR spectrum: FIG. 7 
20 DSC: mp 267.7°C 

Tg131.8°C 

Example 3 



25 



35 



40 



room temperature. . Th _ nrnan ; c i ave r was washed with water, dried 

tnrough a silica ge, oo.umn with .hexane obfcining 28g ^^^^ 25 g (0 . 08 93 mo.) of m- 
A 300-ml reactor was charged wrth 10 g (°-°»« " c< L er pow der and 150 ml of nitrobenzene, 
iodobiphenyl. 12.3 g (0.0891 mo.) of potass.urn of copper powdery 

.n an argon stream, the contents were heated unde ' * stiB residue was purified 

was removed by filtration and the solvent was M He offf "jj^^^jji g of N , N --dipheny.- 
through a silica ge. co.umn with a 5/1 mixture of n^hexane and ethyl J^?J^Jled by realization 

by sublimation yielded a 99.99% pure product, 
mass analysis: m/e 640 (M + ) 
45 IR absorption spectrum: FIG. 8 

NMR spectrum: FIG. 9 
DSC: mp 189.8°C 
Tg 83.6°C 

so Example 4 

SynthesisofNX-diphenyl-NX^^ 

No - X " 1 ° ^-^h ™th 6 n (0 10 mol) of N.N'-diphenylbenzidine, 25.0 g (0.11 mol) of m- 

an argon stream, the contents were heated under ref ^ ^4 n °urs _ ^ 
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f4-(N-phenyl-N-3-methylphenytamino)-biphenyl-4-yl]benzidine (yield 42%). 

A500-ml reactor was charged with 8.1 g (0.02 mol) of 4,4'-diiodobiphenyl, 28.1 g (0.02 mol) of N,N'-diphe- 
nyl-N-[4.(N-phenyl-N-3-methylphenylamino)-biphenyf-4-yl]benzidine, 11.04 g (0.08 mol) of potassium carbon- 
ate, 1.0 g of copper powder, and 100 ml of nitrobenzene. In an argon stream, the contents were heated under 
5 reflux for 24 hours. At the end of reaction, the insoluble was removed by filtration and the solvent was distilled 
off from the filtrate. The still residue was purified twice through a silica gel column with a 2/1 mixture of n- 
hexane and toluene, obtaining 11 .62 g of highly pure N,N'-diphenyl-N,N -bis[4>(N-phenyl-N-3-methylphenyla- 
mino)-biphenyt-4-ylJbenzidine (yield 58%). It was further purified by recrystallization from a solvent mixture 
of hexane and toluene, obtaining 7.3 g of a 99.9% pure, pale yellow, clear, amorphous mass. 
10 mass analysis: m/e 1002 (M + ) 

IR absorption spectrum: FIG. 10 
NMR spectrum: FIG. 11 

DSC: mp not observed (amorphous from the initial) 
Tg 132°C 

15 

Example 5 

Synthesis of N,N , -diphenyl-N,N , -bis[4 , -(N,N-di-3-biphenylylamino)biphenyl-4-yl]benzidine, compound No. X-3 
A300-ml reactor was charged with 16.1 g (0.050 mol) of di(3-bipheny»yl)amine, 20.3 g (0.050 mol) of 4,4'- 
20 diiodobiphenyl, 1 3.8 g (0.1 0 mol) of potassium carbonate, 1 .0 g of copper powder, and 100 ml of nitrobenzene. 

In an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble 

was removed by filtration and the solvent was distilled off from the filtrate. The still residue was purified 

through a silica gel column with a 5/1 mixture of n-hexane and toluene, obtaining 12.0 g of ^-[N.N^dKS-biphe- 

nylylamino)]-4-iodo-1,1'-biphenyl (yield 40%). 
25 A 300-ml reactor was charged with 12.0 g (0.020 mol) of 4 , -[N,N , -di(3-bipheny1ylamino)]-4-iodo-1,r-biphe- 

nyl, 3.03 g (0.009 mol) of N,IST-diphenylbenzidine, 5.52 g (0.04 mol) of potassium carbonate, 0.5 g of copper 

powder, and 100 ml of nitrobenzene. In an argon stream, the contents were heated under reflux for 24 hours. 

At the end of reaction, the insoluble was removed by filtration and the solvent was distilled of f from the filtrate. 

The still residue was purified twice through a silica gel column with a 2/1 mixture of toluene and n-hexane, 
30 obtaining 6.90 g of N.N'-diphenyl-N.N'-bisK-tN.N-di-S-biphenylylaminoJbiphenyl^-yllbenzidine (yield 60%). 

It was further purified by recrystallization from toluene, obtaining 5.2 g of a 99.9% pure, pale yellow, clear, 

amorphous mass. 

This compound was also identified by mass analysis, IR, and NMR as in Example 4. 
The remainder of the previously exemplified compounds were synthesized by the same procedures as 
35 above and identified by mass analysis, IR and NMR. 

Example 6 

A glass substrate having an ITO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
40 cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x1 Or 4 Pa or lower. 

Then the compound (1-1) of Example 1 was evaporated at a deposition rate of 0.2 nm/sec. to deposit a 
transparent amorphous thin film of 55 nm thick. It was allowed to stand in a constant temperature chamber at 
45 30°C/RH 100% and 60°C/RH 90%. both severer than the atmospheric air, over 10 months. The thin film un- 
derwent no crystallization and maintained a stable amorphous state, indicating good thin film-forming ability 
and storage stability. Asimilarly deposited film was found to have an ionization potential Ip of 5.35 eV as meas- 
ured by a low energy electron spectrometer Model AC-1 manufactured by Riken Keiki Co., Ltd. 

50 Example 7 

Using compounds (11-1 ) and (VIM ) of Examples 2 and 3, experiments were done as in Example 6. Similarly 
no crystallization occurred during storage over 10 months. The evaporated films had an ionization potential 
Ip of 5.36 eV and 5.38 eV. 

55 

Example 8 

Using compounds (X-1 0) and (X-3) of Examples 4 and 5, experiments were done as in Example 6. Similarly 
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„„ cya-z^n occanad M, «r 10 d»,dha. H- «P— « - «— — " 

|p of 5.32 eV and 5.28 eV. 

Comparative Example 1 

pound (1): NK-diphan,l-N,N^d«3M™tWP^ ^ ^ 

expound « , J^.di.p-.oi^idoph.n^c^exdne ^np, 87£ ^ „ 

|p of 5.40 eV. 
15 Example 9 

A glass subsuate having an ITO lran8 ^^!!*J^ r J^ ^^«t^^9 pluOed^T^iMl^relfwnfiirdri 1 ©^ 
SriCl^^^*- we, a^pondad at a m. - 0.2 nnVsac. 

1 ) serving as the hole injecting and transporting layer be.ng 0.2g eV. 

Examples 10 and 11 

" ELe ,ements were manufactured 

(11-1 ) and (VIM) of Examples 2 and 3. They were similarly tested. 

Comparative Examples 2 and 3 
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50 



55 
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Examples 12 and 13 



55 



EL elements were manufactured as in Example 9 except that compound (1-1 ) was replaced by compounds 
(X-10) and (X-3) of Examples 4 and 5. They were similarly tested. The results were at least comparable to 
those of Example 9. The differential Ip from tris(8-quinolinolato)aluminum was 0.32 eV for compound (X-10) 
of Example 4 and 0.36 eV for compound (X-3) of Example 5. 
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Example 14 
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mA/cm 2 in a dry atmosphere. At the inuiai, em.^ y . te of 6 0 V A half life of luminance was 

These results My satisfy the requirements for the ~ „ „, 40 ^ nnding a trlgtr 

:rr^r,r,:e=^ 
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25 Examples 15 and 16 
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Examples 17 and 18 

EL elements were manufactured as In Example 1 4 except that compound (1-1 ) was replaced by compounds 
(X-1 0) and (X-3) of Examples 4 and 5. They were similarly tested at a current density of 1 0 mA/cm 2 . The results 
were at least comparable to those of Example 14. 
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Example 19 

^r^r^r^r.-.— — : 

during which the drive voltage increased 2.8 V. 
Examples 20 and 21 

(11-1) and (VIM) of Examples 2 and 3. They were similarly tested. 

( The results of the EL elements of Examples 12-14 are shown ,n Tab.e 18. 
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Examples 22 and 23 

EL elements were manufactured as in Example 1 9 except that compound (1-1 ) was replaced by compounds 
(X-10) and (X-3) of Examples 4 and 5. They were similarly tested. The results were at least comparable to 
those of Example 19. 
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Example 24 

abootM.m.fonningafirith.l.Na^ 

Than th. vacoam chatnba. w» t.laasad to ' ' hea '^* n "Xa^.,lad and ce-<iapos«.n at a rata 0(0.1- 

,0 a m«La of abon.200 nm to ton, a catn.dn, ^^^^^an. entrant =ena«v of 10 
With a DC vollag. appfed. the EL nlotnenl was «»™»»» *£mm wav ., enalh Max - 550 nm) at 

^SS^^TtS^ 

V. 

Example 25 

were at least comparable to those of Example 24. 

Example 26 

A^strate^ 

of about 55 nm, forming a hole injecting and transporting Jayer lris(8 - q uinolinolato)aluminum 
Then with the vacuum Kept, the hole injechng ^S^^SS^^ - - substantially equa. 
as an electron injecting and transports matenal were ^ , 

rate of 0 1-0.2 nm/sec. to form a mix layer of about 40 nm thick as alight ernrtt« 9 V de ^ ited at 

With the vacuum kept, the electron ^^J^^S^Z^ transporting layer, 
a rate of 0.1-0.2 nm/sec. to a thickness of ^f^^^^^l^Mm rate of 0.2 nm/sec. 
With the vacuum keptfurther. MgAg (weight ratio 10.1) was evaporate £ 

to a "Less of about 200 nm to form a ^J^SZ^Z^t current density of 10 
With a DC voltage applied, the EL element ^J^^^^ (ma ximum wavelength Xmax = 

2,000 hours, during which the drive voltage increased 3.0 V. 
Example 27 
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Example 28 

A glass substrate having an ITO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
5 and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x1 0 -4 Pa or lower. 

First poly(thiophene-2,5-diyl) was evaporated at a deposition rate of about 0.1 nm/sec. to a thickness of 
about 20 nm, forming a first hole injecting and transporting layer. 

Then the vacuum chamber was released to the atmospheric air and evacuated again to a vacuum of 1x10-^ 
10 Pa or lower. The compound (1-1) of Example 1 was evaporated and deposited at a rate of 0.1-0.2 nm/sec. to 
a thickness of about 35 nm, forming a second hole injecting and transporting layer. 

With the vacuum kept, the second hole injecting and transporting material and tris(8- 
quinolinolato)aluminum as an electron injecting and transporting material were evaporated and co-deposited 
at a substantially equal rate of 0.1-0.2 nm/sec. to form a mix layer of about 40 nm thick as a light emitting layer. 
15 With the vacuum kept, the electron injecting and transporting material was evaporated and deposited at 

a rate of 0.1-0.2 nm/sec. to a thickness of about 30 nm, forming an electron injecting and transporting layer. 

With the vacuum kept further, MgAg (weight ratio 10:1) was evaporated at a deposition rate of 0.2 nm/sec. 
to a thickness of about 200 nm to form a cathode, obtaining an organic EL element. 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
20 mA/cm 2 in a dry atmosphere. At the initial, emission of yellowish green light (maximum wavelength A,max = 
500 nm) at a luminance of 350 cd/m 2 was observed with a drive voltage of 6.1 V. A half life of luminance was 
3,000 hours, during which the drive voltage increased 5.0 V. 

Example 29 

25 

An EL element was manufactured as in Example 28 except that the mix layer was 1 0 nm thick. It was sim- 
ilarly tested. At the initial, emission of yellowish green light (maximum wavelength Xmax = 500 nm) at a lumi- 
nance of 360 cd/m 2 was observed with a drive voltage of 6.2 V. A half life of luminance was 2,100 hours, during 
which the drive voltage increased 3.3 V. 

30 

Example 30 

An EL element was manufactured as in Example 28 except that compound (X-10) of Example 4 was used 
in the second hole injecting and transporting layer and mix layer (light emitting layer) instead of compound (I- 

35 1). u was similarly tested. The results were at least comparable to those of Example 28. 

Examples 9 to 30 were repeated using at least one of the illustrated examples of the inventive compound 
instead of compounds (1-1), (11-1) , (VIM) , (X-10), and (X-3). They were similarly tested to find similar results 
complying with respective element constructions. 

There have been described compounds in the form of tetraaryidiamine derivatives which have a high melt- 

40 ing point and high glass transition temperature and form, by evaporation, transparent smooth thin films of qual- 
ity which maintain a stable amorphous state above room temperature over a long term. The inventive com- 
pounds can form thin films by themselves without a need for binder resin. 

The organic EL elements using organic EL element-forming compounds including the inventive com- 
pounds in organic compound layers thereof, typically in a hole injecting and transporting layer thereof provide 

45 uniform plane light emission and maintain high luminance in a stable manner over a long term. Thus the ele- 
ments are fully durable and reliable. 

Those EL elements including two hole injecting and transporting layers, one layer containing the inventive 
compound and the other layer containing polythiophene, can operate at a reduced drive voltage with a sup- 
pressed rise thereof and without development of dark spots over a long term, maintaining stable light emission. 

so The embodiment of the EL element designed such that the differential Ip is optimized has a reduced initial 
drop of luminance and an extended lifetime of light emission. Those EL elements having a rubrene doped layer 
are improved in initial luminance and have an extended lifetime of light emission. Those EL elements having 
a mix layer containing the inventive compound and a compound having an electron injecting and transporting 
function as a light emitting layer also have an extended life of light emission. 

55 Although some preferred embodiments have been described, many modifications and variations may be 

made thereto in the light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 
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Claims 

1. A compound for use in an organic 
the following formula (1): 



electroluminescent element which is a tetraaryldiamine derivative of 



10 



15 



(1) 




(Ri)rV 



20 
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30 



35 



. , ^otiw carted from the qroup consisting of an aryl group, alkyl 

--TiTJSSSa&S^XS — — - — — -» 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

ST^CSi - i-S. - — » - — 

™ oo^nd .„ us. m an d-**-*-"* " " — 2 " ~" "* ** 

aryl groups represented by R, to R, is phenyl. 

T*. ^ to u» k - .** — * -» - - — 1 » 3 "* ~ 

the following formula (2): 



3. 
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(R 9 )r3^/=h 



(2) 




(R 7 )r7 



tr ° gen r!°R; R 9 and R 10 are independent* selected from the group consisting of an alky, group, a.koxy 
group, aryl group, aryloxy group, amino group and halogen ^atom 
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amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

5. The compound for use in an organic electroluminescent element of claim 2 wherein at least one of the 
5 aryl groups represented by R 1 to R4 is a naphthyl, anthryl, pyrenyl, peryienyl or coronenyl group. 

6. The compound for use in an organic electroluminescent element of claim 1 , 2 or 5 which has the following 
formula (3): 



10 



15 




wherein Ar is an aryl group attached to the corresponding benzene ring at the para- or meta-position with 

respect to the position of attachment to the nitrogen atom, 

Z 1f Z 2 , and Z 3 are independently selected from the group consisting of an alkyl group, alkoxy group, 
25 aryl group, aryloxy group, amino group and halogen atom, at least one of Z lt Z 2 , and Z 3 is an aryl group 

attached to the corresponding benzene ring at the para- or meta-position with respect to the position of 

attachment to the nitrogen atom, with the proviso that all of Ar, Z 1f Z 2 , and Z 3 are not phenyl groups each 

attached to the corresponding benzene ring at the para- or meta-position with respect to the position of 

attachment to the nitrogen atom at the same time, 
30 s1, s2, and s3 are independently 0 or an integer of 1 to 5, the sum of s1, s2 and s3 is an integer 

of at least 1 , 

Ro is selected from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, 
amino group and halogen atom, 

rO is 0 or an integer of 1 to 4, 
35 R5 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

7. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
40 the following formula (4): 
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(4) 



(Rl3)r13 



(Rl4)r14 



(Rlo)r10 




(Rl2)r12 



wherein R.Ra.R, and R 10 are independent^ 

group, aryl group, aryloxy group, amino group and halogen atom 

group, aryl group, aryloxy group, amino group and halogen atom 

s: ^^irr*2r - - * -~ — — 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

The compound for use in .an organic electroluminescent element of claim 7 wherein r5, r6, r7, r8, r9, r10, 
r11, r12, r13, and r14 are equal to 0. 

The compound for use in an organic e.ectro.uminescent element of any one of claims 1 to 4 which has 
the following formula (5): 



0666298A2J_> 
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15 



20 




wherein R 7 , R^ R 9 , and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
25 group, aryl group, aryloxy group, amino group and halogen atom, 

r7, r8, r9, and MO are independently 0 or an integer of 1 to 4, 

Rii. Ri2» Ri3» and Ru are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and r14 are independently 0 or an integer of 1 to 5, 
30 R 5 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

10. The compound for use in an organic electroluminescent element of claim 9 wherein r5, r6, r7, r8, r9, MO, 
35 M1, r12, M3, and r14 are equal to 0. 

11. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (6): 



45 



50 



55 
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group, aryi group, aryiotty groap, amino greup aad halogen atom, 
group, arjrl group, aryloxy group, amino group and halogen atom 

£ ^TTSSffll - ST— - - - ~* — -* 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

«. The compound for use in an organic electroluminescent element of claim 11 wherein ft. r6. r7. r8. r9. r 10. 

r11, r12, M3, and r14 are equal to 0. 
13 . The compound for use in an organic e.ectro.uminescent element of any one of claims 1 to 4 which has 
15 the following formula (7): 



10 



20 



25 



30 



35 



40 



45 



(Rlo)r10 



(7) 




(Rl4) 



r14 



= J (R8)r8 



(Rll)rl 



wtterein R 7 , R», R» and R,. are independently selected from thegroup consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom 

group. ary\ group, aryloxy group, amino group and halogen atom 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

14. Thecompoundforuse in an organic electroluminescent element of claim 13 wherein ft. r6. r7. r8. *. MO. 
r11, r12, r13 f and r14 are equal to 0. 
. 15. The compound for use in an organic e.ectro.uminescent e.ement of any one of claims 1 to 4 which has 
the following formula (8): 



55 



114 



BNSDOCIO <EP_ 



EP 0 666 298 A2 



5 



10 



15 




20 

wherein R 7 , R e , R 9 , and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 
r7, r8, r9, and r10 are independently 0 or an integer of 1 to 4, 

Ri2» Ri3» ar| d are independently selected from the group consisting of an alkyl group, alkoxy 
25 group, aryl group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and M4 are independently 0 or an integer of 1 to 5, 

R 5 and Rg are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

30 

16. The compound for use in an organic electroluminescent element of claim 15 wherein r5, r6, r7, r8, r9, r10, 
r11, r12, M3, and M4 are equal to 0. 

17. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
35 the following formula (g): 



40 



45 



50 



55 




wherein R 7 , R 8 , R 9 , and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 
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10 



15 



20 



25 



.roup o * g£* . i-yloxy group, amino groop and halog.o .torn 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an .nteger of 1 to 4. 

18 . The compound for use in an organic e,ectro.uminescent e.ement of claim 17 wherein .5. r6. r7. r8. ,9. r10. 
r11 r12, r13, and r14 are equal to 0. 

19 . The compound ,o, oso h so o^an* — — " ,01 - 
lowing formula (10): 



(Rie)rif 



(10) 




(Rl5)r15 



(Rie) 



,16 



aryl group, aryloxy group, amino group and halogen atom 
aryloxy group, amino group and halogen atom, 

s^rjsrr^^^— - - — * kw 9w ' 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

20 . The compound for use in an organic eiectroluminescent e.ement of Cairn 19 wherein r5, r6, r15, r1 6, M7, 
40 and ii8 are equal to 0. 

21 . The compound for use in an organic e.ectro-uminescent e.ement of Cairn 1, 2. 5 or 6 which has the «- 
lowing formula (11): 



30 



35 
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wherein Ar, and Ar 3 which may be identical or different are aryl groups, 

R 15 and R20 are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryl group, aryloxy group, amino group and halogen atom, 

r15 and r20 are independently 0 or an integer of 1 to 4, 
5 R 18 and R 19 are independently selected from the group consisting of an alkyl group, alkoxy group, 

aryloxy group, amino group and halogen atom, 

r18 and r19 are independently 0 or an integer of 1 to 5, 

R 5 and R« are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 
10 r5 and r6 are independently 0 or an integer of 1 to 4. 

22. The compound for use in an organic electroluminescent element of claim 21 wherein r5, r6, r15, r18, r19, 
and r20 are equal to 0. 

15 23. The compound for use in an organic electroluminescent element of claim 1, 2, 5 or 6 which has the fol- 
lowing formula (12): 



20 



(12) 

25 



30 




wherein Ar 1( Ar 2 , and Ar 3 which may be identical or different are aryl groups, 

F*15» Ri6. and R20 are independently selected from the group consisting of an alkyl group, alkoxy 

group, aryl group, aryloxy group, amino group and halogen atom, 
35 r15, r16, and r20 are independently 0 or an integer of 1 to 4, 

R 18 is selected from the group consisting of an alkyl group, alkoxy group, aryloxy group, amino 

group and halogen atom, 

r 1 8 is 0 or an integer of 1 to 5, 

R 5 and R$ are independently selected from the group consisting of an alkyl group, alkoxy group, 
40 amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

24. The compound for use in an organic electroluminescent element of claim 23 wherein r5, r6, r15, r16, r18, 
and r20 are equal to 0. 

45 

25. The compound for use in an organic electroluminescent element of claim 1, 2. 5 or 6 which has the fol- 
lowing formula (13): 



50 



55 
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15 



20 



aryl group, aryloxy group, amino group and halogen atom 
aryloxy group, amino group and halogen atom, 

- . * ^, — w 

amino group, and halogen atom, and ^ . 

r5 and r6 are independently 0 or an integer of 1 to 4. 

25 26. Thecompoundforuseinanorganice^^ 
and r18 are equal to 0. 

27. The compound for use in an organic electroluminescent element of Cairn 1, 2. 5 or 6 which has the «■ 
lowing formula (14): 



30 



35 



40 



(14) 




(Ri8>M8 



45 
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(Rl9)rl9 



aryl group, aryloxy group, amino group and halogen atom 

aryloxy group, amino group and halogen atom, _ 

^r^SS^ - an « — 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

28. Thecx,mpoundforuseinanorganice.ectro.umines Ce nte.ementofdaim27whereinr5,^ 
and r20 are equal to 0. 
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29. The compound for use in an organic electroluminescent element of claim 1, 2, 5 or 6 which has the fol- 
lowing formula (15): 



10 



(15) 




15 



wherein Ar 4 , Ar 5 , and Ar 6 which may be identical or different are aryl groups, 

R15. R ie. and R 20 are independently selected from the group consisting of an alkyl group, alkoxy 
20 group, aryl group, arytoxy group, amino group and halogen atom, 

r15, r16, and r20 are independently 0 or an integer of 1 to 4, 

R 18 is selected from the group consisting of an alkyl group, alkoxy group, aryloxy group, amino 
group and halogen atom, 

r18 is 0 or an integer of 1 to 5, 
25 R5 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

30. The compound for use in an organic electroluminescent element of claim 29 wherein r5, r6, M5, r16, r18, 
30 and r20 are equal to 0. 

31. An organic electroluminescent element comprising at least one layer containing at least one organic elec- 
tro-luminescent element-forming compound of any one of claims 1 to 30. 

35 32. The organic electroluminescent element of claim 31 comprising at least one mix layer containing a mixture 
of at least one organic electroluminescent element-forming compound and at least one compound having 
an electron injecting and transporting function. 

33. The organic electroluminescent element of claim 32 wherein the compound having an electron injecting 
40 and transporting function is tris(8-quinolinolato)aluminum. 

34. The organic electroluminescent element of claim 32 or 33 wherein said mix layer is a light emitting layer. 

35. The organic electroluminescent element of any one of claims 31 to 34 wherein at least one layer of said 
45 at least one layer containing at least one organic electroluminescent element-forming compound is doped 

with a fluorescent material. 

36. The organic electroluminescent element of claim 35 wherein said fluorescent material is rubrene. 

so 37. The organic electroluminescent element of any one of claims 31 to 36 wherein said layer containing at 
least one organic electroluminescent element-forming compound is a hole injecting and transporting layer 
and the element further includes a light emitting layer. 

38. The organic electroluminescent element of claim 37 wherein said hole injecting and transporting layer in- 
55 eludes at least two layers having different compositions. 

39. The organic electroluminescent element of claim 38 wherein at least one of said hole injecting and trans- 
porting layers contains a polythiophene. 
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40. The organic Cee—aescaa, — ■* Cain, 37. 38 „ 39 «*» -he, « an *«. injachng 
and transporting layer. 

♦ f.ioim^i w or 36 wherein said layer containing at least one organic 

, ,,ya, having » «.» emiUing fandon o, a.eCan injaating and transport -Con b disposed 
adjacent said layer, and . _ aid , aver havinq a hole injecting and transporting 

at least 0.25 eV. 
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1 (EL ELEMENT) 



7 (CATHODE) 

(ELECTRON INJECTING AND 
b TRANSPORTING LAYER) 
5 (LIGHT EMITTING LAYER) 

A (HOLE INJECTING AND 

TRANSPORTING LAYER) 
3 (ANODE) 

2 (SUBSTRATE) 
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FIG. 3 
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R i. R 2» R 3. ar) d R4 represent aryl, alkyl, alkoxy, aryioxy, amino or halogen, at least one of to R4 is an 
aryl group, r1, r2, r3, and r4 are 0 or an integer of 1 to 5, the sum of r1 to r4 is at least 1, R5 and Re 
represent alkyl, alkoxy, amino or halogen, r5 and r6 are 0 or an integer of 1 to 4. The inventive 
compounds have high m.p. and high Tg and can be evaporated to deposit transparent smooth thin films 
of quality which maintain a stable amorphous state above room temperature over a long term. Organic 
EL elements using the inventive compounds in an organic compound layer, typically a hole injecting 
and transporting layer thereof provide uniform plane light emission and maintain a high intensity of 
luminescence in a stable manner over a long term. Thus the elements are fully durable and reliable. 
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